ABSTRACT: Cepaea vindobonensis (Fér.), occurring in south-eastern Europe, is a xerothermophile associated with carbonate or carbonate-silica substratum. In Poland it has natural localities in the south-east. Its distribution in the other parts of the country was studied and up-dated based on literature data and museum materials. Its presence on the flood plains of the Vistula and Odra river systems in C., NW. and W. Poland is a result of water dispersal from sites with mainly carbonate substratum. Its further spread from there may be due to accidental dispersal by humans.
INTRODUCTION
Cepaea vindobonensis (Férussac, 1821 ) is a south-eastern-European species. Its range extends from the Northern Caucasus, Crimea and the Balkan Peninsula through Austria, the Czech Republic and Slovakia to Poland (POLIÑSKI 1924 , RIEDEL 1988 . In Poland it is found in the south-east (RIEDEL 1988 , WIKTOR 2004 . Besides, there are fairly numerous records from other parts of the country: the valleys of the Vistula, Warta and Odra river systems (JANKOWSKI 1933 , RIEDEL 1988 , WIKTOR 2004 , some of them rather far to the north-west (see distribution maps in POLIÑSKI 1919 , 1924 , ROMER 1930 , 1934 and WIKTOR 2004 .
Examination of the literature reveals that, depending on the region, C. vindobonensis occupies different habitats (see e.g. KRAUSE 1873 , SCHOTTMÜLLER 1912 , MÜLLER 1920 , POLIÑSKI 1924 , BOETTGER 1926 , M£O-DZIANOWSKA-DYRDOWSKA 1928 , URBAÑSKI 1933 , 1935 . In south-eastern Poland the species is associated with dry, sunny, calcareous habitats. Outside this area it is found in radically different situations, e.g. flood plains of big rivers and lake shores, and some of the data suggest an ephemeral character of such populations (cf. KRAUSE 1873 , SCHOTTMÜLLER 1912 . POLIÑSKI & DEMEL (1921) , JANKOWSKI (1933) , URBAÑSKI (1935) and KAZMIERSKI (1972) pointed to the possibility that the occurrence of C. vindobonensis in such sites could result from dispersal by water from carbonate bedrock localities onto flood plains. New data on the distribution of C. vindobonensis in Poland make it necessary to re-consider the problem and propose the mechanisms of species migration.
MATERIAL AND METHODS
Distribution of C. vindobonensis in selected regions of Poland ( Fig. 1 ) was re-considered and updated based on literature data and museum collections (Museum and Institute of Zoology, Polish Academy ofThe data were divided in three parts. Part I includes the list of published literature records of C. vindobonensis. The information is arranged according to voivodeships and chronologically within each voivodeship. Part II is the list of sites based on master's degree dissertations, arranged in the same way as in Part I. Comments given by the respective authors on their records and/or infomation sources are given under "Remarks" in Parts I and II. Part III is the locality list based on museum collections. Geographical coordinates are given for each locality (when only a city is mentioned, the coordinates given refer to the city centre). DZIABASZEWSKI (1967: 101) Locality: on the Noteae, SE. shore of Lake Ostrowieckie (52°49'N, 17°51'E). Remarks: On the Noteae River C. vindobonensis has a continuous fragment of its distribution range, combined with numerous localities on the Vistula. It was observed to reproduce in these areas. KAZMIERSKI (1972 (56, 57) Localities: on the Noteae, on Lake Ostrowieckie (52°49'N, 17°51'E), along the Vistula. Remarks: C. vindobonensis occurs in areas adjacent to the Noteae River. The species has colonies isolated from the main range, which are distributed along the Vistula. These originate from specimens transferred with the river current. DROZDOWSKI (1975: 207 fig. 6 ) Localities: Poznañ-Szel¹g (52°25'N, 16°58'E), Poznañ-Wilczy M³yn (52°25'N, 16°58'E), Puszczykowo (52°17'N, 16°51'E), "Zwierzyniec" forest near Kórnik (52°15'N, 17°06'E), forest between £ukowo (52°38'N, 16°53'E) and Starczanowo (52°36'N, 16°57'E), Sieraków (52°39'N, 16°06'E), SW. shore of Lake Lutomskie (52°38'N, 16°07'E), E. shore of Lake OEremskie (52°36'N, 16°03'E), between Morzewo (53°05'N, 16°54'E) and Dziembowo (53°04'N, 16°50'E), between Miasteczko (53°06'N, 17°01'E) and Brzostowo (53°06'N, 17°02'E). Remarks: C. vindobonensis had colonies isolated from the main range and distributed along the Vistula. These originated from specimens brought with the river current. The longest "island" of occurrence of the species stretched along the Vistula between the Bug mouth and Sartowice in Pomorze. The "island" was connected with the sites in Wielkopolska by the Noteae and the Bydgoski Canal. Near Poznañ only empty shells were found, suggesting that the species had become extinct there relatively recently. It was likely that two centres of occurrence existed in Wielkopolska: one on the Noteae, connected with the localities in the Vistula valley, another stretching along the Warta river. URBAÑSKI (1938a: 18, 19) Localities: Sieraków (52°39'N, 16°06'E), SE. of Jaroszewo (52°37'N, 16°06'E), SW. shores of Lake Lutomskie (52°38'N, 16°07'E), shores of Lake OEremskie (52°36'N, 16°03'E), left bank of the Warta near Miêdzychód (52°36'N, 15°53'E), environs of Poznañ (52°25'N, 16°58'E), Oborniki (52°39'N, 16°49'E), "Zwierzyniec" forest near Kórnik (52°15'N, 17°06'E), Puszczykowo (52°17'N, 16°51'E), between Morzewo (53°05'N, 16°54'E) and Dziembowo (right bank of the Noteae) (53°04'N, 16°50'E). Remarks: In the environs of Jaroszewo the species occurs in ditches along the highway and on pine forest edges. On the shore of Lake Lutomskie it is found on xerothermic plants, i.a. Veronica austiaca L., Stachys germanica L., whereas on the shore of Lake OEremskie it is sporadically observed i.a. Remarks: A locality of C. vindobonensis was found on the left bank of the Vistula near the River Pumping Station. Empty shells were found in wet areas on 18.10.1930 18.10. , 22.08.1931 18.10. , 17.06.1932 18.10. . JANKOWSKI (1933 
DISCUSSION
In Poland C. vindobonensis is has a continuous distribution range in the south-east (cf. map 173 in WIKTOR 2004) and an array of scattered, more or less isolated localities outside this area (cf. Fig. 2 ). Within the continuous part of its range -the south-eastern uplands -its localities are associated with carbonate rock outcrops (gaize, limestone and dolomitic limestone). The preferred habitats in that part of the range are south-east-, south-, south-west-, east-and west-facing slopes with xerothermic vegetation. The scattered localities in the other part of the range are mainly grouped along large river valleys, where the species mostly lives on alluvial deposits. Only very few sites are outside the river systems (cf. Fig. 2 ). The distribution of C. vindobonensis in this part of the range is largely compatible with the geochemical map of alluvial deposits, showing calcium content in Poland: it is found on deposits with high calcium content. Already some of the early authors suggested a possibility of river dispersal to explain the isolated and sometimes ephemeral character of the river valley populations (KRAUSE 1873 , SCHOTT-MÜLLER 1912 , POLIÑSKI & DEMEL 1921 , JANKOWSKI 1933 , URBAÑSKI 1935 , KAZMIERSKI 1972 .
Combining the distribution maps, the habitat data, the geological character of the substratum and the data on shell anomalies (MIERZWA 2009a, b, c) it is easy to envisage a repeated dispersal resulting in formation of ephemeral and sometimes also permanent populations along the river valleys. The bedrock in the carbonate localities within the continuous distribution range is often erosion-cut by water courses. High water flows, which cause quicker erosion of rocks and earlier alluvial deposits, cause also a downstream dispersal of land snails, including C. vindobonensis. Most often, such dispersal takes place during floods, spring thaws and during heavy rains; it favours invasion of new areas. During the low flow periods the snails are deposited on the river banks or on alluvial islands (sand deposits). The latter habitats, because of their transitional nature, are only periodic, and transport of snails from such islands onto flood plains is probably rare.
Difficulties implied in occupying the flood plains have a variety of reasons related to topography, mobility, predation and chemistry of the substratum. The river banks may be scarred and locally high and steep (Figs 3, 4) . Locally extensive flood plains form a natural obstacle to survival of C. vindobonensis (Fig. 5) , mainly because of its limited mobility. Bird predation is very likely. Where the newly occupied locations do not meet the biogeochemical requirements, only ephemeral populations are formed. Their extinction is probably often caused also by heavy pollution and by the mainly anthropogenic nature of river banks. An example is the periodic occurrence of C. vindobonensis on the left bank of the Vistula River, in the Saska Kêpa district in Warsaw (JANKOWSKI 1933) .
In its river valley localities, C. vindobonensis usually occurs within the flood plains (I, II -closer to the river, only sometimes III) and on escarpments formed by the river, cutting through deposits. It is most often found on the following plants: Glechoma hederacea L., Chelidonium majus L., Rumex acetosa L., Plantago major L., Rubus fruticosus L., Sambucus nigra L., Quercus rober L., Acer plattanoides L. and Salix alba L, and is especially frequent on stems and leaves of Solidago virgaurea L. and S. canadensis L. These plants often occur on alluvial deposits. As the snails move to flood plain II and III, the frequency of individuals with deformed shells increases (MIERZWA 2009b, c) . Deformations and defects involve the lip or the whole shell and are observed mainly in adults (Fig. 6) . In all likelihood the plains farther from the river do not meet the biogeochemical requirements of the species.
The few localities farther from the river valleys (cf. Fig. 2) can not be explained by direct river transport. They may be a result of accidental dispersal by man, from the already colonised flood plains.
